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Abstract. Recent  Polar plasma wave observations indicate that intense widcband  waves

arc always present in the polar cap boundary layer (1’CIII,) region. The entire polar cap

region is possibly bounded by tbcsc waves. ‘1’hc waves observed in the daysidc  boundary

crossings arc stronger than on the nightside. ‘1’he waves are very spiky and bursty, and

have both electric (up to few 10H 117,) and magnetic field components (up to several k} lz).

A local current-driven instability or interaction with current-carryitlg particles may be

responsible for these widcband  waves.

Introduction

The Polar spacecraft has been placed  in a region where very few satellites have visited. At

this stage, Polar spends most of its time in the high altitude north polar cap region. Many

energy coupling signatures between the solar wind, magnetosphere and ionosphere have

been dctcctcd  in this region. A significant finding in the plasma wave data is that enhanced

widcband  waves are always seen around the polar cap boundary layer region. These waves

have a frequency range from 10 to 10’1 Hz and also have obvious magnetic field

components.

Transient wave bursts were reported by Scarf et al. [ 1972] from OGO-5 at high latitude

(-55°) observations. Illectrostatic widcbar~d  waves were also reported by Gurnctt and

Frank [ 1977; 1978] and detected by I lawkcyc in the high altitude auroral zone and cusp

region. Low frequency clcctromagnctic  waves (< 100 }Iz) were dctcctcd  by the DE-1

satellite [Gurnctt et al., 1984] in the lower altitude auroral zone. 1 Iowcvcr, those waves are

somewhat ciiffercnt  from the waves wc report here. In this paper wc will give a preliminary

description of these widcband  waves.



h’lcasurc’menls

‘1’hc Polar spacecraft has an orbit with a near 900 inclination angle. 1(s apogee  is -9 I{C in

the northern polar region, and perigee is - I .8 f<, nc:tr  the south pole. The mbit period is

17.85 hours. Bccausc Polar’s orbit plane is relatively fixed, in one year the l!:irtb’s motion

about the sun will cause I’o]ar’ to cover the full range of loc:il times. “]’]lc  p]:isma wave

instrument (f’WI) on board the spacecraft consists of five rcccivcrs  [Gurnctt C( al., 199S]:

the sweep frequency rccciver, the multichannel analyzer, the widcband  receiver, the low-

anci high-frequency waveform rcccivers.  ‘1’here arc three orthogonal dipole antennas (U, V,

Z) for electric fields, and a loop antenna and search coil for magnetic mcasurcmcnts.

Rccausc  the ncw instrument has very high sensitivity, wc expect to detect wave signals

which failed to bc resolved before.

Preliminary Ilcsults

I;igure 1 shows a typical 24-hour period of f’o]ar plasma wave clata, from May 26, 1996.

“l’he data were rccorckl  from the SIR-A  Iiu rccciver. This frequency-time spectrogram

gives the wave intensity as shown in the color bar. At the bottom of the figure, the

univc.rsal  time, radial distance, magnetic latitude, magnetic local time and magnetic field line

I.-shell arc given. On this day, Polar was firs( at its pcrigcc around the south pole at -

0 145U”I’,  corresponding to a very high magnetic field and electron cyclotron frequency.

‘1’hcn it passed the daysidc northern plasnlasphcrc/nlagnetosphcre  at -0300 UT. Many

whistler mode waves (hiss and chorus) were detected in this region. At -J0450U1’  the

spacecraft entered the high-latitude polar cap region by crossing the cusp and polar cap

boundary layer. At this time wc find a strong widcband  plasma wave which extends its

fmqucncy  up to several 10q }Iz and lasts about 1 hour. This wave is what we report here.

Inside the polar cap region, wc also detect some widcbanc! burst signals which extend to

several 10~ lIz,, but arc relatively weak. ‘1’hcsc wridcband  waves and narrowbancl electron

cyclotron emissions were reported in the study of Gurnctt et al. [ 1978]. Many auroral

kilometric radiation (AKR) events arc noted above 105 } lz,. At the midpoint of the polar cap

(orbit apogee), both (be plasma frequency anti c]cctr{)n cyclotron frequency r-cached their

lowest values. At 1600” U’li l’o]ar was outbound from the polar cap by once again crossing

the boundary layer, this time on the nightside.  “1’bus, we scc another widcband  I’C131, wave

inter’vals, but the waves are weaker and the interval is shorter, comparccl with the inbound

crossing. The spacecraft next cntcrcd  the nightside plas[naspherc  and startc(i  another cycle.



W’c have marked b~~th  boundary lay L’I-WJa  VCS, inht)ulld and outboundof  the polar cap in [hc

figure.

‘1’he I)olal spacecraft spends nl[)st of its tilllc (- II tlt)l]ls)i  [lsi[ict tlcpolarc :ll~rcgio[l cluring

czich  orbit. ‘Iwo illtc.llsc  wave intervals bound Ihc pt~lar  cap region, within which the

magncticficld  li[lcsarc cxl)cctc(l  tobcol)c[l”  .’lhcw  i[)trtlsc w’avcs(ior  lot” seem tobcthc

(J1.l:-lll.I~ rllag,rlctic  noise which only appeals in the polarcusp  region, iis identific(i  by

Gurnctt et al. [ 1978]. A preliminary survey SI1(JWS that the waves appear fit all boundary

layer crossings an(i at all local times. in :i statistic:ii  study ofthc  low latitude magnctop:iusc,

‘1’surutani  et al. [ 1989] found that at least 85’k of magnctopausc  boundary crossings arc

associated with the presence of UI.l:-VI .1: low latitude boundary layer (1.1,111,)  waves.

}Iowcvcr,  bccausc  the criteria was that the wavtis bc more intense than magnctoshcath

broadband waves, the actual number could bc higher. in this study we find that the l)~lll.

waves arc present on the daysidc  100%” of the time. ‘1’hcy arc strongest at noon. In the

dawn, dLIsk and nightsidc  sectors, the waves arc weaker  and more diffuse. on average,

nightsidc  waves arc weaker th:in those in the d:iysidc  by - 1-2 orders of magnitude.

F’igur-e 2 shows an example of the PCB1. waves t:ikcn from I:igure 1 time inmr-val in high

time resolution. l’hc data arc from the multich:inncl  analyzer for both electric (top) ancl

magnetic (bottom) field mcasurcmcnts. ‘1’hc interv:i] is selected from the period with

strongest PCB1. signals. Wc scc that the waves have both electric and magnetic field

components. The electric component extends from -10 to above 104117,. The magnetic

field component also extends to above 10S } lz.. ‘]’hc U1 .I’-lil .F magnetic Iloise  reported by

Gumctt  et al. [ 1978] usually extended to several hundred hertz. l’hc magnetic noise

detected by Illi 1 at low altitude aurora] zone usually had a frequency below the O+

cyclotron frequency [Gurnctt et al., 19841.  } ligh time resolution widcband  data from Polar

also show that the signals arc very spiky and arc spin modulated. The waves sometimes

show a maximum intensity when the antenna is pcrpcn(iicu]ar  to the background field. ‘1’his

is indicative of the prcscncc  of near-paral]cl whistler modes. }Iowcvcr  since the electric

signals extend above the electron cyclotron frequency, the waves should bc a mixture of

electrostatic and clcctmmagnctic  waves.

f)ccause the waves arc alw:iys detected (iuring the polar c:ip boun(iary  layer crossings, wc

can usc the inbound start time and outbound stop time of the waves to dctcrminc the

locations of the polar cap bound:try  layer. I~igurc 3 shows the occurrence rate for all polar

cap boundary layer crossings identified by the widcband  wave.s. “1’hc data include. both



I1OI1IICI”1I and  s(~ll[tlc’[’11  h~’l]]ispllc[”c  p(~lal c a p  boundary crossings, :Illd arc plo[[CCi  in

magnclic  la(i[udc  vcrs LIs loLal  (itm. ‘1’lK g~x)nuig[lctic la(itudc is calculattxl through ii

‘1’syg:incnko  89 model. Note that the l:ititude is the magnetic latitude of the imsitu

spacecraft, instead of the invariant Iatitudc  (footp[int  magnetic latiludc) of (I1C magnetic field

lines. “1’hc  occurrence rates have I>ccn normalized by the maximum occur[cncc  rate. WC see

that in the local time noon scclor,  tllc polar cap boundary layer is Iocatcd at higher latitudes,

while in the nightsidc  they :iw at lower latitudes. ‘1’his variation is generally  consistent with

the polar cap boundary shape. “1’hc magnetic fic]d iincs fl”om the nightsidc  low aititu(ic  polar

cap boundary region  (SCC, 55°-600) may m:ip tc~ a very low (200-300 ) latitude in the tail

where the spacecraft can still detect these waves. We also fincl that there is a wide liititudc

bald  for these crossings. It suggests that through diffusion, the waves have been mapped

into relatively wide areas. “1’here arc some diffcrcnccs  between the northern crossing

location and the corresponding southern location, bccausc  the spacecraft trajectory near

perigee (southern cap) is rcl:it  ivcly close to cwlh.

lic.cause these waves arc dctcctc(i at a high al~itu(ic  (7-8 l< C), it is (iifficult to assurnc  that

tlxy are generated at low al{itu(ic.s an[i then pmpagfitc  to the high altitu(ie region. ‘l’hey

shoulci be gcncratcci localiy.  In this region, the magnetic ficl(i lines can be open or closed.

‘]’hc hot plasma from the. soiar win(i an(i the. coi(i  plasma from the ionosphere may be mixed
together here. Also, there ale picntifui  ficl(i-aligne(i  currents an(i current gra(iients  in this

region. ‘1’bus, a current-ciriven instability or interaction with current-carrying particles may

be responsible for the generation of the piasrna waves. We wiii further stu(iy wave

propagation and poiariz,tition properties an(i attempt to i(icntify the wave modes.  A

correlation stuciy with plasma and cncrgctic particic (iata wili help LIS to determine the

wave’s generation nlcchanisltl/sc)llrce of free energy.
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Figure Captions

Figure 1. A time-frequency spectrogram showing polar cap boundary layer waves on May

26, 1996. Polar spends most of its time insi(ic the polar cap region. Two boundary layer

wave intervals (as marked) bound this region. Tbc high frequency wideband signals on the

left and right sides of the figure arc low altitude waves detected during south pole perigee

passes.

Figure 2. A ten-minute expansion of daysidc polar cap boundary layer waves measured by

the multichannel analyzer. Top top pane] shows the electric field component, while the

lower panel gives the magnetic field component of the waves. The waves arc very bursty

and have a strong magnetic component.

Figure 3. A local tirnc and magnetic latitude distribution of polar cap boundary layer

crossings/waves. There is an asymmetry between the northern and southern crossings,

because they are detected at different radial distances.
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